We report a case of primary pneumococcal peritonitis in a young woman with no predisposing features, and we review 26 other cases of pneumococcal peritonitis in previously healthy adults. This disease is very rare in adults without cirrhosis, ascites, nephrotic syndrome, autoimmune disease, or immunocompromise. It occurs almost exclusively in women, and in most of these patients, there is a probable genital tract source of the organism. A few cases are associated with acute appendicitis. Although pneumococcal peritonitis was usually fatal in the preantibiotic era, with antibiotic therapy and surgical intervention the outcome for patients with this infection is excellent.
Pneumococcal peritonitis is a well-recognized infection in omy was performed and revealed diffuse peritonitis but no visceral perforation. Her appendix, uterus, ovaries, and fallochildren [1 -5] but is rare in adults, in whom it is usually associated with cirrhosis [6 -8] or nephrotic syndrome [9] . pian tubes were macroscopically normal. Loops of small bowel were covered with a thick creamy exudate that on gram-stained There are scattered reports of pneumococcal peritonitis in patients undergoing continuous ambulatory peritoneal dialysis smear contained gram-positive diplococci; the next day, culture of this exudate yielded a heavy pure growth of a mucoid Strep- [10, 11] , those who have undergone bone marrow transplantation [12] , and those with rheumatoid arthritis [13] or systemic tococcus pneumoniae (serotype 1). Pneumococci were also isolated from both bottles of the single blood culture. She was lupus erythematosus [14] . In addition, pneumococcal peritonitis is sometimes associated with genital tract infections in women transferred to the intensive care unit for ventilatory and inotropic support. Her antibiotic therapy was changed to intravenous [15] . We describe a young woman with primary pneumococcal peritonitis who had no underlying disease, and we review the amoxycillin, 500 mg t.i.d. for 10 days. No high vaginal swab was obtained before treatment was begun. literature on this infection.
She initially responded well to the postoperative treatment but was difficult to wean from the ventilator because of poor Case Report respiratory muscle function and inability to clear secretions. An attempt at extubation failed, and a tracheostomy was A 36-year-old woman was admitted to the hospital for evaluation of upper abdominal pain of 3 days' duration and diarrhea formed. She developed bulbar dysfunction with recurrent aspiration of solids and fluids. Investigations showed no evidence and vomiting of 2 days' duration. She had been previously healthy and denied any preceding respiratory or gynecologic of myasthenia gravis, multiple sclerosis, or any apparent cause for her myopathy. She had no clinical evidence of a connective symptoms. She was mid -menstrual cycle and did not have a tampon or an intrauterine contraceptive device (IUCD) in situ.
tissue disorder, but this was not further investigated. Her condition improved over a period of several weeks with supportive She was married, denied having any new sexual partners, and had no risk factors for HIV infection. On physical examination treatment, physiotherapy, and speech therapy, and the tracheostomy was closed. She was discharged from the hospital after she was obviously unwell, with a temperature of 39ЊC, pulse rate of 120, and a normal blood pressure. There was generalized 7 weeks and has remained well. abdominal tenderness. Findings on a pelvic examination were unremarkable. Her peripheral WBC count was 7.6 1 10 Pneumococcal peritonitis in adults was first described in feature. Infection occurred predominantly in women of menstrual age (median age, 32 years; range, 16 -80 years). cirrhotic patients [6 -8, 17] , and it is uncommon in adults without underlying cirrhosis, nephrotic syndrome, or immunocom-S. pneumoniae was isolated from the blood in all but four promise. A MEDLINE search of the literature from 1966 -cases in which blood cultures were performed (13 [76%] of 1997 was undertaken to review such cases. For the purpose of 17). There was no reference to blood cultures in the remaining the review, pneumococcal peritonitis was defined as peritonitis cases (10 of 27) and, therefore, this figure may be an underestiin which pneumococci were isolated from the blood or cultures mate of the frequency of bacteremia. of intraabdominal fluid, and peritonitis was defined as the presIn six cases (22%), histologically proven appendicitis was ence of clinical signs and evidence of intraabdominal fluid or present and S. pneumoniae was cultured from the appendix or pus. Children õ16 years of age and patients with known cirrhoappendiceal mass [23, 28, 33] . Only three patients (11%) had sis, ascites, nephrotic syndrome, autoimmune disease, or immua history of respiratory symptoms or radiological evidence of nocompromise were excluded. pneumonia, either on admission or within 48 hours of admis- Table 1 gives the details of 26 previously reported cases of sion [18, 31, 36] . pneumococcal peritonitis in previously healthy adults [18 -36] The most common presenting features were abdominal pain (89% [24 of 27 patients]), fever (70% [19 of [18, 31, 36] , which provides scant support growth from the peritoneal exudate in 25 cases; however, for two of the patients with appendicitis, the organism was isolated to the theory that pneumococcal pneumonia, bacteremia, or secondary peritoneal seeding give rise to pneumococcal peritoin mixed culture with anaerobes and other gut flora.
All patients received antibiotics on admission, and all but nitis, at least in adults. However, cases of secondary hematogenous seeding from primary respiratory infections have been three had undergone an operative procedure (22, laparotomy; 2, laparoscopy). Of the three patients who did not undergo reported among children [3, 5] . Bacteremia is a consistent finding in cases of pneumococcal peritonitis in both children and surgery, one responded to treatment with intravenous chloramphenicol alone [27] ; one responded to treatment with penicillin, adults [3, 10, 13, 18, 25 -27, 29, 32, 34 -36] , but bacteremia may follow the peritoneal infection rather than precede it. It metronidazole, and gentamicin, with removal of an IUCD [27]; and the other had pus removed at culdocentesis and then rehas been shown that bacteria can be recovered from the blood within minutes of an intraperitoneal injection in rabbits [37] . sponded to an antibiotic regimen of penicillin, gentamicin, and metronidazole, then changed to cefotaxime, and finally to
The management of pneumococcal peritonitis involves timely surgical intervention and treatment with antibiotics. chloramphenicol and erythromycin [33] . Of the patients who were treated surgically, 15 underwent laparoscopy or laparotAnalysis of peritoneal fluid obtained via paracentesis may be helpful for distinguishing primary from secondary peritonitis, omy in the first 24 hours after admission, and the remaining nine underwent surgery £1 week later because of failure to but this procedure cannot always be relied upon. When pneumococcal peritonitis occurs secondary to an intraabdominal respond to conservative management alone. The initial choice of antibiotics varied, but on isolation of the organism most lesion, a gram stain of the peritoneal fluid may show both gram-negative and gram-positive bacteria, and culture likewise patients were treated with intravenous penicillin. The mean duration of antibiotic treatment was 11 days (range, 7 -18 may yield mixed growth [28] , whereas in cases of primary pneumococcal peritonitis, both a gram stain and a culture show days). Two patients died: an elderly woman with a ruptured ovarian cyst, and a woman who presented with septic shock a single organism. Mixed organisms are not always found in cases of pneumococcal peritonitis secondary to appendicitis. and acute renal failure [18, 27] .
In three reports, the organism was grown in pure culture [23, 28, 33] . There may be a role for diagnostic or therapeutic Discussion laparoscopy in the management of pneumococcal peritonitis [19, 21, 26] , but it appears that in only a few cases is surgical The pathogenesis of pneumococcal peritonitis remains controversial. Pneumococci may gain entry to the peritoneal cavity intervention completely avoidable. The clinical features are nonspecific and the diagnosis is made at operation. and cause disease via the genital tract, the gastrointestinal tract, or by hematogenous spread from the respiratory tract. PathoAntibiotic-resistant strains of S. pneumoniae have been identified worldwide, and the prevalence of these resistant strains genesis may differ in adults and children. Our review suggests that in adults, the disease affects females predominantly and is as high as 57% in some countries, although in the United States, Canada, and the United Kingdom, the prevalence of that the genital tract is the most common source of S. pneumoniae. This parallels the early findings for children [1 -5, 16] . these strains remains low (õ10%) [38] . In areas where the prevalence of resistant pneumococci is high, cefotaxime or McCartney and Fraser [5] reported that only 12 cases among 56 children had occurred in boys. Similarly, data on children ceftriaxone is the empirical therapy of choice [39, 40] . Susceptibility testing should be done to determine definitive antimicro- (1956 -1970) show a ratio of females to males of 4:1 [3] . S. pneumoniae is occasionally found as a vaginal commensal bial therapy. For patients infected with penicillin-susceptible organisms, penicillin remains the preferred treatment. and can presumably then cause ascending infection [15] , with factors such as an the presence of an IUCD or recent delivery
In conclusion, pneumococcal peritonitis in adults without ascites or nephrotic syndrome is rare but is similar to that predisposing to this [19, 20, 25, 27, 29, 31, 32, 34] .
The gastrointestinal tract has also been thought to be a source described in children since the beginning of the century. This infection is much more common in females and usually arises of pneumococci. It is postulated that infection is secondary to transmigration of the organism through the intestinal wall into from the genital tract. Surgery plays a significant role in management, and with proper treatment, the outcome is excellent. the peritoneal cavity. There is also clearly an association between acute appendicitis and pneumococcal peritonitis [23, 28, 33] . It seems unlikely that transmigration of organisms from within the bowel lumen would occur without a preexisting
